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ている｡血管内皮増殖因子(vascular endothe止al cell growth factor; VEGF)
は血管内皮細胞の増殖､遊走､管腔形成に関与する最も重要な増殖因子である






































































抗Angl (Santa Cruz Biotechnology)及び抗Ang2 (Santa Cruz
Biotechnology)を用いて､ Western blot法により解析したo





Histamine (Sigma)､ dimaprit (Reseach Biochemicals International)､抗






を0.2 mlの10% (Ⅴ/v) CSを含むEMEM中で培養した｡ BrefeldinA (50







FBSを10% (Ⅴ/v)およびMEM non-essentialaminoacid solutionを1%
(Ⅴ/v)になるように加えたRPMト1640に懸濁し､ 24-wellclusterdishの各
weuに0.4mlずつ播種した｡ 20時間培養後､ dish内をPBSで3回洗浄




PGE2 (Sigma)､ PDEl阻害薬8-methoxymethy1-IBMX (BiomoI Research
hb.)､ PDE2阻害薬EHNA (BiomoIResearch Lab.)､ PDE3阻害薬
8
quazinone (BiomoI L Research hb.)､ PDE4阻害薬rolipram (BiomoI
Research Lab.)及びRo20-1724 (BiomoI Research hb.)､及びPDE5阻








































Figure l･ Time-course of anglOgeneSis, and the levels of VEGF and Angl in the granulation tissue･ A
cotton thread (I cm, 7 mg) was implanted subcutaneously in the dorsum of each mouse･ Themice were
killed 1, 3, 5, 7 and 14 d after the cotton thread implantation･ (a) The vascular network formationaround the
cotton thread (left) and the subcutaneous tissue beneath the cotton thread (right)･ (b) Total hemoglobin
contents in the granulation tissue･ (C) VEGF levels in the granulation tissue determined by ELISA･ (d) Angl
levels in the granulation tissue determined by immunoblotting and analysed densitometrically･
Representative immunoblots from one mouse in each group are shown at the top of cI The mean Angl levd
in the granulation tissue at day 1 is set to l･0･ Values are the means from five to six mice with s･e･mean
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Figure 2. Impalrment Of ang10geneSis and the lower levels of Angl in the granulation
tissue of HDC-/-mice･ A cotton thread (I cm, 7 mg) was implanted subcutaneously in the
dorsum of each mouse. The mice were killed 3, 5 and 7 d after the cotton thread
implantation. (a) Total hemoglobin contents in the granulation tissue･ (b) Angl levels in
the granulation tissue determined by immunobJotting and analysed
densitometricaHy. Representative immunoblots from one mouse in each group are shown
at the top of b･ The mean Angl level in the granulation tissue atday 3 in HDC+/+ mice is
set to 1.0. Values are the means from six mice with s.e.mean shown by vertical bars.
Statistical significance: *P < 0･05, **P < 0･Ol and ***P < 0･001 versus the values at day
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Days after Cotton Thread lmplantation Days after Cotton Thread lmplantation
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Figure 3･ Defective maturation of vasculature and the lower levels of a-smooth muscle actin in the granulation tissue of
HDC-/- mice. A cotton thread (1 cm, 7 mg) was implanted subcutaneously in the dorsum of each mouse･ Themice were
killed 3, 5 and 7 d after the cotton thread implantation･ (a) α-smooth muscle actin (α-SMA) levels in the granulation
tissue was determined by immunoblottlng and analysed densitometrically･ Representative immunoblots from one mouse
in each group are shown at the top ofa･ The mean α-SMA leve=n the granulation tissue atday 3 in HDC+/+mice is set
to 1.0. (b) The density ratio of Angl to α-SMA was calculated･ Values are the means from six mice with s･e･mean shown
by vertical bars･ Statistical significance: *P < OrO5, **P < 0･01 and ***P<0･00l versus the values at day 3, and #P<
0.05, ##P < 0.Ol and ###P<0･00l versus the values in HDC+/+mice at corresponding days. (C) The granulation tissue
was dissected 7 d after the implantation, dehydrated and sliced 5 〝m thick･ The tissue sections were immunostained with
FITC-coWgated monoclonal anti-α-SMA, and the α-SMA-expresslng Cells in the granulation tissue were observed with a
confocalmicroscope･ Cells expressing α-SMA in the granulation tissue are indicated by white arrows･ Representative
micrographs are shown from four samples･ A scale bar represents 25 JLm･
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Figure 4. Effects of histamine and dimaprit on Angl production･ A cotton thread (1 cm, 7 mg) was
implanted subcutaneously in the dorsum of each HDC-/- mouse･ (a) and (b), histamine (0, 0･l and 1 yg)
or dimaprit (0.01, 0.1 and 1 FLg) dissolved in loo FLl of sterile saline was injected subcutaneously aHhe
site of the cotton thread implantation just after the implantation and then once a day for 4
consecutive days. One day after the last injection of histamine or dimaprit (5 d after the cotton thread
implantation), the mice were killed, and total hemoglobin contents (a) and Angl levels in the granulation
tissue (b) were detemined. Angl levels were determined by immunoblotting and analysed
densitometrically･ Representative immunoblots from one mouse in each group are shown at the top of b･
The mean Angl level in the granulation tissue in the control group ts set to l･0･ Values are the means
from fivemice with s.e.mean shown by verticaJ bars･ Statistical significance: **P < 0･01 and ***P <
0.00l versus the values in the corresponding control group･
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Figure 5･ Inhibition by anti-VEGF IgG of histamine-induced Angl production. A cotton thread (1 cm･ 7 mg)
was implanted subcutaneously in the dorsum of each mouse･ (a) and (b), goat anti-VEGF IgG (1 〝g) or control
goat lgG (1 vg) dissolved in 100 〃l of sterile PBS was injected subcutaneously at the site of the cotton thread
implantation in HDC+/+ mice Just after the implantation and then once a day fわr 4 and 6 consecutive days･ One
day after the final injection of ants-VEGF lgG (5 and 7 d after the implantation, respectively), themice were
killed, and total hemoglobin contents (a) and Angl levels (b) in the granulation tissue were determined･ Angl
levels were determined by immunoblotting and analysed densitometrically･ Representative immunoblots from
three mice in each group are shown at the top of b･ The mean Angl level in the granulation tissue in the control
group at day 5 is set to ll0･ Values are the means from sixmice with s･e.mean shown by vertical bars･
statistical significance: **P < 0･01 and ***P < 0･001 versus the values at day 5 in the group treated with
control goat tgG, and ##P < 0･01 and ###P < 0･00l versus the values in the control goat IgG-treated group at
corresponding days･ (C) and (d), 24 h after the.Lmplantation of a cotton thread, histamine (1 〝g)I goat anti-
vEGF IgG (1 pg) orcontrol goat IgG (1 FLg) dissolved in 100 〝l of sterile PBS was injected subcutaneously at
the site of implantation in HDC-/-mice･ The mice were killed 48 h after the implantation･ and total hemoglobin
contents (C) and Angl levels (d) in the granulation tissue were determined･ Angl levels were determined by
immunoblotting and analysed densitometrically･ Representative immunoblots from two mice in each group are
shown at the top of d･ The mean Angl level in the granulation tissue in the control group lS Set tO l･0･ Values
are the means from sixmice with s.e.mean shown by vertical bars･ Statistical significance: **P < 0･01 and
･.*F, < 0.001 versus the values in the control goat IgG-treated group, and ##P < 0･Ol and ###P < 0･001 versus
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Figure 6･ Effects of recombhant VEGF on the levels of Angl in the cotton thread-induced granulation tissue of
HDC-/- mice. A cotton thread (I cm, 7 mg) was implanted subcutaneously in the dorsum of each mouse･ Murine
recombinant VEGF (30, loo and 300 ng) dissolved in loo FLI of sterile saline was injected subcutaneously 24 h
after the cotton thread implantation at the site of the implantation･ The mice were killed 48 h after the
implantation･ (a) The vascular network around the cotton thread (left) and the subcutaneous tissue beneath the
cotton thread (right)･ (b) Total hemoglobin contents in the granulatiorJ tissue･ (C) Angl levels in the granulation
tissue were determined by immunoblotting and analysed densitometrically･ Representative immunoblots from
one mouse in each group are shown at the top ofc･ The mean Angl level in the granulation tissue in the control
group in HDC-/- mice is set to l･0･ Values are the means from sixmice with s･e･mean shown by verticalbars･
statistical sLgnificance:**P < 0･Ol and ***P < 0･001 versus the values in the control group in HDC-/-mice, and



















Figure 7. Induction ofAngl producti011 by recombinant VEGF･ The minced granulation tisst)e (25 mg)
dissected from HDC-/- lnice 7 d after the impJa111ation was incubated in 200 Ill of EMEM containing lO%
(V/V) Calf serum at 370c for 3 h. A触r three washes, the tissue was further incubated in the medium at
370C for 24 h (a and b) and 2 h (C)with orwithout recombinant VEGF (10 ng/mJ) in the presence or
absence of brefeldin A (50 FLM) and anti-mouse VEGF Rl (50 FLg/ml) or anti-mouse VEGF R2 (215 Flg/ml)･
(a) and (b),Angl levelintheminced granulation tissue was detected by immunoblotting and analysed
densitometriCally. Representative ilmmnOb】otsfrom two samples in each group are shown at the top ln a
and b. ne meanAngl level in the minced granulation tissue in the control group is set to 1･0･ (C)Angl
mRNA JeveJs in the minced granulation tissue were detennined by RT-PCR and analyseddensitometrically･
RepresentativeAngl lnRNA bands from three samples in each group are shown at tlle top Of c･ (d)
Fibroblasts (5 x 106 cells) isolated frolnthe minced grandation tissue were incubated in a 60-mm tissue
culture dish at 370C for 2 h in 4miofDMEM containing 10% (V /V) FBS. The cells were then washed
three times andincubated at 37oC for 2 hin4miof DMEM supplemented with lO% (V/V) FBS in the
presence or absence of recombinant VEGF (10 ng/lnl)･Angl andAng2 mRNA levels in the fibroblasts
were determined by RT-PCR and analysed densitometrically･ Representative bands from one samplein
each group are shown at the top of d･ The mmbers above the bands indicate the density ratio ofAngl and
Ang2 mRNAwith GAPDH mRNA, respectively. Values are the lneanS from four samples with s･e･mean
shown by verticalbars･ Statistical significance: *P < 0･05, **P < 0･01and *'*P < 0,001 versus tlle Values















































Figure S･ Time changes of granulation tissue weight and anglOgeneSis in the granulation tissue
after implantation of a cotton thread･ A cotton thread (1 cm, 7 mg) was implanted
subcutaneously in the dorsum of each mouse. Themice were sacrificed 7, 14, 2J and 28 d after
the cotton thread implantation. (a) The vascular network formation around the cotton thread
(left) and the subcutaneous tissue beneath the cotton thread (right). (b) The granulation tissue
weight. (C) Hemoglobin contents in the granulation tissue･ Values are the means from fourmice
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Figure 9･ Time changes of VEGF, Angl･ Ang2 and endostatin protein levels in the cotton thread-induced
granulation tissue･ A cotton thread (I cm･ 7 mg) was implanted subcutaneously in the dorsum of each
mouse. Themice were sacrificed 7, 14, 2l and 28 d after the implantation. (a) VEGF protein levels in the
granulation tissue were determined by ELISA･ (b) Endostatin protein levels in the granulation tissue were
determined by ELISA･ (c and d) Angl and Ang2 protein levels in the granulation tissue were determined by
immunoblotting and analyzed densitometrically･ Representat."e immunoblots from twomice in each group
are shown at the top of c and d, respectively･ The mean Angl and Ang2 protein levels in the granulation
tissue at day 7 after the implantation is set to l･0, respectively･ Values are the means from four mice with
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Figure lO･ Effects of murine recombinant VEGF on granulation tissue formation and ang10geneSis in the
granulation tissue in HDC十/+ mice･ A cotton thread (1 cm, 7 mg) was implanted subcutaneously in the dorsum of
each m.use. Murine recombinant VEGF (30, 100 and 300 ng) dissolved in 100 ill of sterile saline was injected
subcutaneously at the site of the implantation at 7 d a触r the implantation and then once a day for 6 consecutive
days. The mice were sacrificed 14 d after the implantation･ (a) The vascular network formation around the
cotton thread (left) and the subcutaneous tissue beneath the cotton thread (right)･ (b) The granulation tissue
weight･ (C) Hemoglobin contents in the granulation tissue･ Values are the means from four mice with SEM











Figure ll･ Effects of murine recombinant VEGF on the levels of Angl I Ang2 and endostatin in the
granulation tissue in HDC+/+ mice･ A cotton thread ( 1 cm, 7 mg) was implanted subcutaneously in the
dorsum of each mouse. Murine recombinant VEGF (30, 100 and 300 ng) dissolved in 100 ffl of sterile
saline was injected subcutaneously at the site of the implantation at 7 d after the implantation and then once
a day for 6 consecutive days. Themice were sacrificed 14 d after the implantation･ (a and b) Angl and
Ang2 protein levels in the granulation tissue were determined by immunoblotting and analyzed
densitometricaHy･ Representative immunoblots from two mice in each group are shown at the top of A and
B, respectively. The mean Angl and Ang2 protein Jewels in the granulation tissue in the control group IS Set
to I.0, respectively. (C) Endostatin protein levels in the granulation tissue were determined by EuSA･
values are the means from fourmice with SEM shown by vertical bars･ *P < 0･05, **P < 0･01 and ***P <
















は､ 0.1-10 uMにおいて濃度依存性が見られた(Fig･ 12b)o






Figure 12. Effects of PGE2 0n VEGF production. RAW264 cells (2 x 105 cells) were incubated
for 20 h ill 0.4miof medium. A洗er 3 washes, cells were incubated for the periods indicated in
o.4miofmedium in the presence or absence ofPGE2 (1 LAM) (a), or for 6 h in O･4miofmedilJm
in the presence of the indicated concentrations of PGE2 (b)･ VEGF in the conditioned lnediuln
was then determined by ELISA･ Values are the means ± S･E･M･ froln 4 samples･ In Fig･ 12a･
S.E.M. are too small to depict; they arewitllin each symbol･ Statistical significance:川*p <
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Figure 13･ Induction of VEGF production by PDE inhibitors･ RAW264 cells (2 x 105 ceus) were
incubated for 20 A in 0.4 ml of medium. A鮎r 3 washes, the cells were incubated for 6 h in O･4 ml
of medium containing the indicated concentrations of the PDEl inhibitor 8-methoxymetlly1-IBMX･
the PDE2 inl1ibitor EHNA, the PDE3 inhibitor quazinone, the PDE4 inhibitors rolipram and Ro20-
1724, and the PDE5 inhibitor zapmast･ VEGF in the conditioned medium was then determined by
ELISA. Values are the means ± S.E.M.from 3 samples･ Statisticalsignificance: *p < 0･05and
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